Intracellular inclusions in the epithelial cells of the midgut of Piesma cinereum (Hemiptera) are described. Three types of inclusions have been observed in both viruliferous and "virusfree" insects. Two of them, a and , are free in the cytoplasm and are of twodifferent basic configurations: one exhibits bilateral symmetry, the other a fivefold radial symmetry. Still another type of inclusion is contained in membrane-bounded bodies and consists of elongate, irregularly shaped crystals. A description of the structure of the inclusions is given and their nature and significance are discussed.
INTRODUCTION
The "savoy" disease of sugar beet is transmitted by a rather unusual type of sap-sucking insect known as a "lace-bug", Piesma cinereum Say (Hemiptera), and there is some evidence that the virus may undergo replication inside the vector (Coons et al., 1950) . This led us to an extensive study of the gut of both viruliferous and supposedly virus-free piesmids with the electron microscope. During these studies some intracellular inclusions were found in the epithelial cells of the midgut of both virus-free and viruliferous insects. The inclusions are crystalline arrays of three types. The inclusions have been seen only in the epithelial cells of the midgut; they are often in groups. The structure of the inclusions will form the basis for the present report; to date we have not been successful in finding the virus in the insect.
MATERIALS AND METIIODS
The guts from viruliferous and "virus-free" insects were dissected from the body and fixed in a 1:1 mixture of 6%(7 glutaraldehyde and 6% acrolein with a 0.2 M cacodylate buffer (pI 7.2) for 1 hr (Hess, 1966) . The virus-free insects were then rinsed with the same buffer three times during 1 hr and postfixed in 4% osmium tetroxide mixed 1:1 with the same buffer for 1 hr. The samples were then washed twice with buffer and twice with distilled water, and were placed in 0.5% uranyl acetate overnight in the refrigerator. This was followed by three washings with distilled water and dehydration in ethyl alcohol and acetone. The samples were then gradually infiltrated with Epon, evacuated, and put into a 600 oven overnight. Sections were cut with a diamond knife on a MT-2 Porter-Blum Ultramicrotome and poststained in uranyl acetate and lead citrate. Micrographs were taken on RCA EMU-3F and Siemens Elmiskop I electron microscopes.
OBSERVATIONS
Transections of the midgut show that it is composed of an inner lining of epithelial cells subtended by a basement membrane. The individual epithelial cells are very large and possess extremely large nuclei; mitochondria, small vesicles, and microtubules are numerous; the rough endoplasmic reticulum is common and is sometimes vesiculate; the Golgi apparatus is present but not common; membrane-bounded bodies (possibly similar to lysosomes but we have no evidence as to their enzyme content) are frequently seen .
Three types of inclusions have been observed in the epithelial cells of the midgut of both viruliferous and virus-free insects. The first type of inclusion (a-inclusion) found free in the cytoplasm is a long rectangular body which is of composite structure; this is probably the most common type observed. The a-inclusion consists of an ordered array of small particles about 75-A units in diameter. A characteristic feature of these inclusions is their arcuate nature; the degree of curvature exhibited varies considerably from one inclusion to another. It appears that the curving occurs only in a single plane, but this is a difficult feature to determine; it is possible that the c-inclusions curve in more than one plane. In addition to curved, single inclusions, sometimes many inclusions encircle a central locus; often at this locus a single inclusion lies perpendicular to the plane in which the curving array of inclusions is found (Fig. 1) . In these arrays the inner inclusions have greater curvature than those at the edge.
The particles which make up the ac-inclusions are arranged into two kinds of unit cells, 1 one appearing to be a simple modification of the other (Fig. 5) . The unit cell which is most common consists of a face-centered rectilinear cell having eight particles arranged in a square on its upper surface and eight particles making up a similar square on its lower surface (Fig. 5) . The other type of unit cell in this kind of inclusion contains two additional particles, one in the center of both the 1 We will use the term "unit cell" not to represent the atomic structure but merely for convenience in explaining the structure of these inclusions.
upper and the lower faces, and it is therefore also face centered. Both types of unit cells are arranged into long arcuate arrays as single, double, or quadruple files; even higher multiples are also found occasionally (Figs. 1, 2, 6).
As seen in transverse views, the a-inclusion consists of squares, pairs of squares, quartets of squares, and multiple arrays of squares; in some cases a particle is found in the center of one or more of the squares of an inclusion (Fig. 2) . In longitudinal view the a-inclusions are seen as arcuate lines which can be resolved into particles when they are properly oriented. Commonly six lines of particles are seen, each line representing a file of particles extending from the squares mentioned above. The six lines of particles represent a quadruple or double set of squares as seen in side view. Very commonly the second and the fourth lines of particles are less dense than the other four; this reduction in density results from the missing file of particles in the interior of the unit cell of the first type (Fig. 2) . On other occasions the six files of particles have the same density; in this case they represent the alternative unit cell as seen in longitudinal view (Fig. 5) .
The second type of inclusion (-inclusion) is also found free in the cytoplasm but has a radial symmetry based on a pentagonal plan (Fig. 4) . In longitudinal view the -inclusions appear to be much less arcuate than the a-inclusions; in fact, most of the -inclusions are quite straight (Fig.  2-3 ). The particles, about 75-A units in diameter, that form these inclusions are arranged in five sets, each set having four particles (Figs. 2, 4) ; the ends of each of the five sets overlap, being alternately more or less distant from the center of the inclusion than their neighbor (Fig. 4) . Occasionally these inclusions appear to be almost circular in construction as viewed in transection. In longitudinal view ]FluItRE 2 Section through a imidgut epithelial cell slowing manly intracclular inclusions; a-(A) andl -(B) inclusions are shown apparently distributed at raindolm. Such concentrations of inclusions are not uncommon in these cells. Virus-free organism.l. X 69,000.
the particles forming the f-inclusions are arranged in a steep 20 start multiple helix (Fig. 3) . The helix can be either right or left handed, both conditions being present in Fig. 4 . The f-inclusions are generally hollow, the center having an electron opacity similar to that of the remainder of the cytoplasmic matrix (Fig. 4) ; occasionally a central core is present in the center of the inclusion (Fig. 6) . The core is also cylindrical, having a central electron-translucent zone and a peripheral-dense layer. These cores are similar in structure and dimensions to microtubules; no substructure, however, could be determined for these central cores, and their relation to microtubules in these epithelial cells or in cells of other organisms remains obscure.
In a few cases we have found that the -inclusions are packed together in an ordered array in which they exhibit hexagonal close packing. For example, in Fig. 4 the 19 individual inclusions, as seen in transverse section, are packed into five vertical layers.
The orientation of the individual 3-inclusions within an array, e.g. Fig. 4 , indicates a remarkable precision; not only are the inclusions packed in a precise manner with regard to their vertical axes, that is, they are all parallel, but also they show an exact orientation in other planes. For example, note the orientation of the pentagons from one vertical file of inclusions to the next in Fig. 4 , and the manner in which the apices of the pentagons in the second and third vertical files are interdigitated. The remaining vertical files show equally precise relationships. However, perhaps the most interesting example of organization in this array can be seen in the close correspondence of the particles from one inclusion to the next; such precision will require exact synchronization in the spatial orientation of the helices in the respective inclusions making up the array.
At present it is not clear whether the fl-inclusions have an "end piece." So far we have not seen a clear-cut end, but rather the inclusions appear to pass out of the plane of section, e.g. the right hand -inclusion in Fig. 3 clearly appears to pass out of the plane of section at both the top and the bottom; however, the left hand inclusion in that figure appears quite symmetrical at its upper end which perhaps represents a true end.
The four particles which form each of the five sets which together make up the -inclusions are clearly located along a variable arc rather than along a straight line (Fig. 4) . The orientation of the particles along this arc also shows variation; the angular particles seem to be positioned without reference to their location in the arc.
The third type of inclusion is present in membrane-bounded bodies. The membrane-bounded bodies containing the crystals also sometimes contain myelin figures and amorphous or granular structures within their bounding membrane; like the previous inclusions, these bodies are found in both the viruliferous and the virus-free insects (Figs. 6-9 ). The crystalline inclusions exhibit lattice planes with separations of 72 and 86-A units; the lattice planes were found at angles varying from 97 to 1080. These crystals appear to be composed of ordered arrays of particles about 57-A units in diameter. As many as three crystals may be present in a single body; the crystals are often elongate (Fig. 7) .
Occasionally both types of free inclusions have been observed in close association with small vesicles and with the membrane-bounded bodies (Fig. 6) . Several instances which might be interpreted as an indication that the free inclusions are taken into the membrane-bound bodies were encountered (Fig. 6, arrows) .
The shape of the particles in the a-inclusions is nearly spherical; the shape of the subunits in the FIGURE 3 Longitudinal view of (-inclusions in the gut epithelial cells illustrating the helical arrangement of the particles which form the inclusions. Careful observation will show the sets of four rows of particles and the changes in structure associated with these sets. Virus-free organism. X 112,000.
FIromE 4 Transverse section of an array of f-inclusions illustrating the hexagonal close packing order exhibited by the array. Each inclusion consists of five rows of particles, each row having four particles. Because of the structure of the inclusions it is almost impossible to see all 20 rows of particles at a single time. Note the square or angular shape of the individual particles. Virus-free organism. X 255,000. crystalline inclusions of the membrane-bounded bodies also seems to be similiar. However, the shape of the particles in the -inclusions is different. While the diameters of the two types of free inclusions are almost identical, their heights (diameter along the elongate axis of the inclusion) are different. That the height of the particles making up the a-inclusions is almost identical with their diameter reflects their shape. The height of the particles making up the f3-inclusions is considerably less than the diameter. While the over-all shapes of these particles can be referred to as spherical, they are, in fact, quite angular (Fig. 4) .
DISCUSSION
Since Piesma cinereumn is the vector of the savoy disease of the sugar beet, we thought at first that the inclusions found in the gut epithelial cells of the insect were a manifestation of this virus association. Upon examination, the gut epithelium of virus-free insects also showed these characteristic inclusions. However, since the virus persists in the insect vector for some time after the insect is removed from a feeding on diseased plants, it is not possible to say that these insects were completely virus-free. Through the kindness of Dr. G. H. Coons we were able to study insects which were raised from the egg stage on virus-free plants of Amaranthus retrofilexus. It was found that the gut epithelial cells in these insects also possessed the inclusions. On the basis of the evidence at hand, we think it unlikely that the inclusions reported in this paper are of a viral nature, but rather feel that the likelihood is greater that the inclusions are a part of the normal endowment of these epithelial cells.
Each of the three types of inclusions reported here, whether enclosed in a membrane-bounded body, possesses a complex three-dimensional organization. These three-dimensional regular organizations of matter in space are crystals, this term being used here in an operational definition accepted by many. The nature of these crystals is, of course, of the greatest interest to us, and we are at the present time attempting to determine their chemical nature. The size of the particles, the distances between the particles that make up the crystals (inclusions), and the complex arrangement of the particles in space make it a distinct possibility that these inclusions are molecular crystals of proteins. Such speculation is based entirely on comparisons with well-known proteins (Van Bruggen et al., 1962; Levin, 1963; Finch et al., 1964; FernAndez-MorAn et al., 1966; Reed and Cox, 1966; Gibbons, 1967) , which in a similar fashion show an organization of particles of the same range of size into complex three-dimensional structures having a known protein composition. 
